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DYNAMIC CORROSION OF NICKEL AT 1500° F BY SODIUM EYDROXIDE
WITH VARTIOUS ADDITIVES IN A TOROID CIRCULATING APPARATUS

By Leland G. Desmon and Don R. Mosher

SUMMARY

Metallic sodium, sodium chloride, celcium hydride, sodium sluminate,
and an alloy of aluminum were added to sodium hydroxide in individual
nickel tubes and corrosion tested at a fluid veloclty of 15 feet per
second with a hot-section tempersture of 1500° F and a hot-to-cold-
section temperature difference of 20° to 30° F. A toroid circulating
apparabtus was used and the specimens were run for a periocd of 24 hours
or until failure occurred. None of the additives tested resulted in a
marked decrease ln corrosion and mass transfer. Verlous methods of
evaluating the severity of corrosion are discussed.

INTRODUCTION

An investigation of the dynamic corrosion behavior of molten sodium
hydroxide in contact with possible contalner materisls is being con-
ducted at the NACA Lewls laboratory. One of the more resistant mate-
rials being investigated is nickel. Although nickel suffers no inter-
granuler attack by sodium hydroxide at temperatures up to 1500° F s the
presence of temperature differences in the system results in removal
of metal from the hot zone and the formation of & crystalline metal
deposit in the cold zone. The experiments hereln described were car-
ried out in an ettempt to minimize this effect.

The apparsatus descrlbed 1n reference 1 was used to circulate chen-
ically pure sodium hydroxide (table I) st & velocity of 15 feet per
second in toroids constructed from A apd I nickel (table II). Speci-
mens were run for periods up to 24 hours st nominal outer wall tempera-
tures of 1500° F. An ,area approximstely 1/25 of the total was maintained
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at 20° to 30° F below the nominal test temperature by means of localized
cooling. The effect of addition of a variety of materials to the sodium
hydroxide - nickel system wes investigated. They were metallic sodium,
sodium chloride, calcium hydride, sodlum sluminate, and an slloy of
aluminum. The basis for the cholce of these additives is discussed
subsequently.

Various methods of evaeluating the extent of corrosion are reported
herein. They are hased on metallographic analysis of the toroids and
chemical analysis of thelr contents. Some of the initisl results ob-
tained (ref. 2) with this apparatus are reproduced here for comparison.

CHOICE OF ADDITIVES

Sodium. - Two alternative reactions are thermodynamically feasible
for the reaction of nickel with sodium hydroxide in the hot zone. They
are as follows:

Ni + NeOH —=Ni0 + Na + & Hp (1)
Ni + 2NeOH — NagO * F10 + Hp (2)

The fact that a hydrogen stmosphere has been found (ref. 3) to re-
duce corrosion and mess transfer does not serve to distinguish between them
because the addition of hydrogen would be equally effective in suppress-
ing either reaction. On the other hand, scdium should be effective
only if reaction (1) is the correct (or predominant) one. For this
reason and also because sodium metal had been detected as e resaction
product in other experiments, it was tested as an additive. Hydrogen
rather than the usual helium wes used with the sodium additions.

Hydrogen. - Hydrogen atmosphere has been demonstrated (ref. 3) 1o
reduced mass transfer in free-convectlon systems. It was therefore of
interest to try hydrogen under higher flow conditions. However, mechan-
ical failure of the vent tube occcurred in each of five attempts to ob-
tain data on a toroid equipped wlith & constant-pressure hydrogen supply
connected to the vent tube. Apparently, vibration in the vent tube
made heavier by the introduction of the connectlons to the gas storage
supply led to fatlgue fallure in a very short time. The occurrence of
thls failure despite several attempts at elaborate mounting is brought
to attention here as one of the difficulties to be anticipated in the
use of nickel at high temperstures.

Sodium aluminate, aluminum. - Free-convection experiments reported
in references 4 and 5 indicate that sodium sluminate additions result
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in reduced mass transfer. However, the additions reported were in ex-
cess of the solubility of the aluminate in sodium hydroxide. Conse-
quently, there was some doubt as to the mechanism by which the inhibi-
tion of transfer occurred, since the aluminate maey have mechenically
blanketed the hot zone and thues prevented reaction. That the latter
might be the case is indicated by the fact that the thermal harp tests
of reference 5 show that the aluminate is not beneflclal. A test of
aluminate addition under higher flow conditions was therefore performed
to resolve the question. Aluminum is known to react with sodium hydrox-
ide at temperatures much lower then 1500° F to form sodium aluminate
(ref. 8); the first test was performed with the addition of Dural (95
percent aluminum), because it simplified the experimental procedure.

Calcium hydride. - Beneficial results were obtained in free-
convection tests with additions of calcium hydride (ref. 4). Accord-
ingly, a toroid wes run with & calcium hydride concentration equal to
that reported in reference 4 to have yielded the best results.

Sodlum chloride. - Sodium chloride was run to verify its lnertness
in the systemn.

PROCEDURE

Fabricatlon of specimens. - Each specimen was made from a length
of 0.63-inch outside diameter by 0.06-inch wall nickel tubing bent into
a toroid with a mean diameter of 15.5 inches (fig. 1). A small bore
vent tube was heliarc welded to each specimen near the closure.

The tubilng bore was degressed and acld cleaned according to the
procedure recommended in reference 7. Into each specimen was placed
108 grams of chemically pure sodium hydroxide pellets, which occupied
approximately 40 percent of the toroid volume when molten.

A sleeve was heliarc welded over the Juncture of the butted tubing
ends after the torold was loasded. A mass spectrometer leak detector
was used ‘to determine that no leaks existed in the welded aress.

Eighteen equally spaced chromel-alumel thermocouples were spot-
welded to the outside wall of each torold, sixteen of which were
attached to a murltiple-point temperature recorder. One thermocouple
located in the middle of the hot zone was used for temperature control.
The remaining thermocouple located near the entrance to the cold zone -
was used in the event of & control thermocouple faillure. The thermo-
couple Jjunctions were covered with pieces of asbestos paper to shield
them from the heaters which covered the specimen surface. After approxi-
mately 0.6 inch of asbestos tape weas wrapped on the hot section, the
instrumentation was complete.
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In order to remove the entrepped air and water vapor from the sodium
hydroxide pellets, the toroids were evacuated while graduslly being
heated to Just above the melting point of the caustic. When an indi-
cated vacuum of approximetely 5 mlcrons was obtained at this tempera-
ture, each specimen was filled with the desired cover gas, the vent
tube was crimped shut, and the end sealed with silver solder.

Installation. - Specimens were mounted on the table of the circula-
ting apparatus by six clamps, as shown in figure 2, and the thermocouples
and heaters were connected. The cooler, an annular chamber arranged to
discharge compressed air through holes drilled in the Ilnner shell, was
80 siltuated that & thermocouple was centrally located In the cooled zone.

Operation. - Electric power was supplied to the heaters until the
lowest temperature on the outside surface of the toroid was at least
650° F. The mounting plate speed was gradually increased from zero to
test speed (corresponding to a fluid velocity of 15 ft/sec for all tests
reported herein). Power to the hesters was then increased until the
insulated portion of the specimen reached 1500° F, test temperature for
these specimens. An automatic controller maintaeined this tempersture
for the duretion of the run. The flow of air to the cooler was then
started, resulting in a temperature drop of 20° to 30° F. The magni-
tude of the temperature drop was limited by the electric power avail-
&ble to the heaters, approxlimetely 2500 watts. ~

On completion of a run, the duratlion of which ranged from 5 to 24
hours, the torold wes opened with a tubing cutter. The contents were
dissolved in water and analyzed, and sny evolved gaeses wWere collected
and identified. After the toroid was,thoroughly washed, it was sec-
tiloned by making transverse cuts through the tubing between thermo-
couples. Visual inspection of all sectlons was followed by mlcroscopic
inspection of metallographic specimens from the hot and cold sections.
A measure of the extent of mass transfer was obtained by determining
the ratio of the weight of a specimen from the middle of the cooled
sector to one ground to the same external dimenslons from the middle
of the hot sector.

RESULTS

The results of the experiments are shown in tsble ITE. Data for
specimens 7 and 8 are reproduced from reference 2 for purposes of com-
parison. The extent of corrosion and mess transfer can be compared on
three different bases: cold-to-hot welght ratio, thickness of deposit
in the cold zone, and contamination concentration in the caustic. The
welght ratio proved to be the most consistent of these and is plotted
ag & function of test durstion in figure 3. The depth of the deposit
in the cold zone wes unrelleble as a meens of the extent of transfer:
Examination of the cold sectors revealed that the crystal size of the
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deposit (and hence the density) varied unpredictebly from specimen to
specimen. Chemical snalysls of the water solution of the contents of
the toroids showed that the caustic was contaminated with constituents
of the container material. It is interesting to note that, in this par-
ticular system, the contaminant concentration can also be used as a
measure of the extent of transfer (fig. 4).

Photomicrographs of specimens taken from the hot and cold sections
of a typicel toroid (specimen 8) are shown in figure 5. In general,
the hot sections exhibited no intergranular penetration, and the cold
sections showed a buildup of nickel crystals. However, in the case of
the calclium hydride addition, intergranuler attack to a depth of
approximately 0.016 inch was observed. ' The sodium aluminate addition
resulted in & thin green film in the hot zone and & heavier green de-
posit in the cold zone. The green deposit in the cold zone proved to
be composed of coated nickel crystals.

The results with sodium addition give strong evidence that it is
not a primery reaction product. Acceleration rather than inhibition
occurred. A 4-percent addition resulted 1n plugging of the tube in

10%—hours. The lack of hydrogen evolution on scolution of the melt

showed that the sodium hed reacted with the sodium hydroxide. It 1s

probable that the latter reaction resulted in the formetion of sodium
oxide which would immediately react with nickel to form nickel oxide

and thus increase the transfer rate. The small quantity of hydrogen

present could not be expected to counteract this.

The sodium aluminate addition ylelded a result which is in agree-
ment with the lack of inhibition reported for thermal harp tests. It
is concluded that the effect of the sluminate in the free-convection
tests was purely mechanical and, therefore, of no use in flow systems.
The fact thet Dural additlons resulted in increased transfer is assumed
to be due to the presence of the other components in the alloy. -

Calcium hydride accelerated mass transfer under induced flow con-
ditions and, in addition, covered intergranular sttack, while sodium
chloride addition was completely linert as predicted.

SUMMARY OF RESULTS

A corrosion investigation was conducted with molten sodium hydrox-
ide flowing gt a velocity of 15 feet per second, a temperature of
1500° F, and a hot-to-cold-section temperature difference of 20° and
30° F in nickel tubes. In addition to determining the effects of
additions of metallic sodlum, sodium chloride, celcium hydride, sodium
aluminate, and an alloy of aluminum, various methods of evaluating the

effects of corrosion were investigated. The investigation revealed that:
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1. Sodium chloride and sodium aluminate were lnert as additives.

2. Sodium, calcium hydride, and Dural caused an increase in the

corrosion rate. A 4-percent addition of sodium resulted in plugging
of the tube in 103 hours.

3. The hot-to-cold-section welght ratio proved to be the most use-

ful measure of the extent of corrosion. The weight of dissolved con-
stituents in the sodium hydroxide is also usgble. The depth of deposit
in the cold section was not useful, because the crystal size and density
of the deposit varied unpredictably.

Lewis Flight Propulsion Laboratory

National Advisory Committee for Aeronsutics
Cleveland, Ohio, December 1, 1953
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TABLE I. - ANALYSIS® OF SODIUM HYDROXIDE PELLETS

Msterial Percent by weight

Assay (NaOH) 97.6

Chlorine (C1}) .005
Iron (Fe) 001
Other heavy metals (as Ag) .000
Carbonate (Na,COz) .32
Phosphate (PO4) .000
Stlice snd NH40H precipitate .000
Total nitrogen (as WHz, NOj) .061
Sulfate (S0,) .000

8as per label and verified by analysis st the
time of use.

TABLE II. - NOMINAL ANALYSIS OF "A" NICKEL (99.4 Ni+Co)

Constituent | Percent by welght
Nickel 99 min
Copper .25 max
Iron .5 max
Manganese .35 max
Silicon 5 max
Carbon -2 max
Sulfur .02 max




TABLE ITY. - CONDITIONS AND RESULTS

[Weight of HRaDH, 108 g; fluid velocity, 15 f‘t/sec:_]

r Specimen 72 g% 29 9 11 20 32 33 28
Torold material A nickel |A nickel jA nickel|A nickel|A nickel | A nickell|L nickel|i. nickel |A nmlckel
Durstlion of test, hr 8.5 21 23.5 5 10.5 15.7 10.6 24 24
Tempereture, °F
Hot Bector 1500 1500 1500 1500 1500 1500 1500 1500 1500
Pat 20 20| =20 20 20 30 20 20 20
Additive material Rone None Hone Ba _Na Dural NaAlD; | -CaHy NeCl
Percent by weight el - 1 4 <1 | 1w 1 5.
Cover gas He " He - He Hp 3, He He Be He'
Hy evolved on solution of WalH,
literse ]| eee-- <0.001 |[<0.001 None [|<0.001 | <0.00L | -=cr= | ==um-a 0.0Q1
Total contaminants in .
solution, g 0.183 | 0.303 | 0.252 | 0.375 0.67¢ | 0.366% | ——--- 0.890° | 0.261
Analysis of contemlnants, percent
5 88.2 88.0 93.4 89.6 48.4 84.7 | —--u- 95,7 91.7
Fe 3.8 5.9 4.8 3.1 15.9 3.3 | ----- 2.5 6.5
Cu _ 3.2 4.0 0.02 0.5 6.1 0.03 | --—-- 0.1 0.1
Mn : 2.8 1.5 1.2 4.3 25.5 4.9 | ----- 3.1 1.0
Cr : 1.7 0.3 [ —=m-u- 0.2 1.1 PRV (TSI, [ IVO N -
Co : 0.3 0.3 0.6 2.3 5.0 4 1.8 | ==-m- 0.8 0.7
A el IRl EEEC RS IR ISP 5.5 | cmerm | memee | meeee
Maximm thickness of depdsit
1n coldd sector, in. 0.015 | 0.012 | ¢.008 | D.010 0.250. | 0.037 | 0.020 | 0.048 |0.012
(piugged)
Deposition rstio, in./yr 15.5 5.01 2.92 | 17.58 209 20.7 16.5 | 17.92 4,39
Welght ratio, cold-to-hot 1.06 1.10 1.09 1.07 2,05 1.25 1.05 1.26 1.09

8Reported in ref. 2.

hI'empera‘ture difference between hot and cold sectors.
“Does not include welight of additive,
niform attack in hot sector, corrosion layer less than 0.001 in.
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0.63 0.D. tube by
0.06 wall

0,75 0,D. by 0.06 wall
by 0.38 long glesve
L1t

Sectlon A-A
Seale-full size

& 0.25 Q.D, tube by 0.03 wall

80P

1, Welding: Heliarc vwith metel addition and
argon flowing through C.63 tube
2. Drill after vent tube is welded In place

q'\

I‘].at—/

5. Remove all burre frow drilled hole

Figure 1. ~ Fabrieation drawing of apeclmen.
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Figure 2. - Ingtrumented specimen

NACA RM ES53L03

installed in criculating apparatus.
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Cold-to-hot-section welght ratio

2.2

2.0

1.8

1.0

<
Additive, Hot-cold Cover gas
percent temperature
difference
(o] None 20 He
a 1 Na 20 Hsp
¢ 4Na 20 Hy (Plugged)
A& <1 Dural 30 He
| ¥ 5 NaCl 20 He
D 10 NaAlOg 20 He
< 1 CaH, 20 He
a 9
] o oA 4
m ] | 40O s
L1 |
(e} 4 8 - 12 16 20 24

Test duration, hr

Figure 3. - Cold-to-hot-sectlon weight ratio as a function of test duration.
Sodium hydroxide flowing in type A nickel specimens at velocity of 15 feei
per second and a hot section temperature of 1500° F. .
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Additive, Hot-cold = = Cover gas
percent tenperature
: difference
o None 20 ! He
1.0 m] 1 Na 20 " Hp
O 4N - 20 Hy (Plugged)
4 < 1 Dural 30 . He
v 5 NeCl . 20 _ He %
] 1 Callp 20 He
.8 .
w <
g .6
ol
kS
i
]
o
o 4
3 - “
= o
. — O?
.2 //_”{
/""’
0 4 8 12 16 20 24

Test duration, hr

Flgure 4. - Totel contamination durling varioues test durations. Sodium hydroxide
flowing in type A nickel specimens at velocity of 15 feet per second and hot-
section temperature of 1500° F.
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. T
L Parsnt metal—»l

(2) Specimen from hot sectlon; X1000.

Surface exposed to
sodium hydroxide

Corroslon layer

Surfece exposed to
godiwm hydroxide

. .
Crystelline deposit ‘4<—Parent metal --l

C-28534
(b) Specimen From cooled sectlon; X250.

Figure 5. - Photomicrographs of type A nickel (specimen 8); etchant, noms.
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